
14 MONTHLY WEATHER REVIEW. JA~UILBY, 1914 

tion of condition for gases, and the two equations that re- 
sult from the two fundamental theorems of therniod 

necessary boundary conditions and the Sata relative to 
external influences, the problems of dynamic meteorology 
become definite formulated from a mathematical 

they can now be 
attacked both with some 
ho es of success. 

$he theoretical trentnieiit of meteorological problems 
has kept pace with the development of observational 
meteorology and theoretical hysics. At first idealized 
phenomena were discussed.. g y  making a propriate as- 

.thus one may devise problems of a purely dynamic or of a 
purely thermodynamic character. By still further sim- 

assumptions we obtain corresponding simple 

tial to the coniprehension of vaiious iiieteorological phe- 
nomena. Ferrel, Guldberg and Mohn, Helmholtz, Hertz, 
VonBezold, and others havegiven us valuable works of tllis 
character. To a certain estent, Ham’s theoretical works 
are also related to this class, since they aim at more p r e  
cise general elementary esplanations of meteorological 
phenomena. 

All these works antedate the founding of modern 
aerology. But now that complete observations from an 
extensive portion of the free air are being ublished in a 
regular series, a might. problem loonis be P ore us and we 
can no longer disregmlit. w e  must apply the equations 
of theoretical physics not to ideal cases only, but to the 
actual esisting atmospheric conditions as they are re- 
vealed b modern observations. These equations con- 
tain the f aws according to which subsequent atmospheric 
conditions develop from those that precede them. It is 
for us to discover a method of practicall utilizing the 

ditions revealed by the observations we must learn to 
compute those that will follow. The problem of accurate 
pre-calculation that was solved for astronomy centuries 
ago must now be attacked in all earnest for iiieteorolog . 
tigator will not advance very far, even with his greatest 
exertions. However, I am convinc.ed that it is not too 
soon to consider this problem as the objective of our r e  
searches. One does not always aim only at what he 
expects soon to attain. The effort to steer straight 
toward a distant, possibly unattainnble point,, serves, 
nevertheless, t.0 L-u one’s course. So, in t.lie present case, 
the far-distant goal will give an invaluable plan of work 

namics. By means of these equations towther with t r- le 

point of Gew. 

sumptions, one or more variables may be e P iminsted, and 

integra plzyin% le systems of equations whose solutions are essen- 

knowledge contained in the equations. F 4 rom the con- 

Theproblemis of hu edimensions. Itssolutioncanon i! y 
be the result of long f evelopment. An individual inves- 

- - 
and research. 

Here I may be permitted to draw an illusfration from 
my personalis eiience. For many years I had already 

dynamics to the motions of the atmosphere, and had 
come to many interesting results. But the uestion kept 
recurring to me: What IS it that I really s e a ?  Whither 
a m  I steering? I could not free myself from the thought 
that “There IS after all but one problem worth attacking, 
viz, the precalwlation of future conditions.” 

As I had been able to find enthusiastic young cola- 
borers who had the courage to follow me, I deterniined to 
always steer directly toward this distant goal. 

We have never regretted it. To be sure the work we 
have already acconi lished seems but to emphasize how 
far removed our goafreally is. Yet our work has dwa s 

end clearlv; before us. we have been able to clearlv for- 

occupied myse 9 with the application of the laws of hydro- 

been fruitful. Precisely because we have always kept t z e 

mulate a whole seriea of reparatory individual problems, 

detttils here. I will give but one example. 
Obviously the usual niatlieniatical methods will not be 

adapted to a problem of this sort. There c m  be no 
thought of an suialytical presentation of the observational 
results with a subsequent analytical integration of the 
e uations. .As the observations are presented by means 8 cliarL9, t,lierefore all matlieiliatical computations must 
be recast into graphical operations by means of maps. 
In this wq- we ha-re developed for ourselves the rudiments 
of a graphical mathematics by means of which we derive 
one niap from the other, just as one usually derives one 
ecpatioii froiii an0 tlier by calculation. The steady devel- 
opnient of t,he methods, which the novelty of our problem 
makes necessary! gives t.he work a peculiar charm which 
we would not forego. I hope that during niy work here 
in Leipzig I iiing interest many younger colaborers in the 
tthundaiits woldenis we meet with in this work. 

brought against our work. Our problem is, of course, 
essentially that of predicting future weather. “But,” 
says our critic., “ How c.an this be of ally use 8 The calcu- 
lations iiius t require a preposterously Ion 1 tsime. Under 
the most favorable conditions it will ta-e tshe learned 
gentlemen perhaps three months to calculate the weather 
that nature will bring about in three hours. What satis- 
faction is there in being able to calculate to-morrow’s 
weather if it  takes us a year to do it?”. 

To this I can only reply: I hardly ho e to advance 

carry on the work so f a r  that I am able to predict the 
weather from day to clay after many years of calculation. 
If only the calculateion shall ree with the facts, the 
scientific victory will be won. %eteorology. would then 
have become an esact science, a true piysics of the 
atminosphere. When that oint is reached, then the prac- 
tical results will soon devefop. 

It may require many yeam to bore a tunnel through a 
mount.ain. Many a Iaborer may not live to see the cut 
finished. Nevertheless this will not prevent later comers 
from ridiiip throuph tolie tunnel at exnress-train sneed. .. 

and’ to solve them one a P t;er the other. I can not go into 

Before c I osiiig I must touch upon mi objection which is 

even so fsr as this. I shall be more than !l appy if I can 
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INTRODUCTION. 

In the report on the scientific results of the Challenger 
Espedition, Bnclian (1) concluded his discussion of 
atmospheric circulation with the following statement: 

The isobaric maps show, in the clearest and most conclusive manner, 
that the distribution of the ressure of the earth’s atmosphere ie deter- 
mined by the geographical iistribution of land and water in their rela- 
tion to the varying heat of the sun through the months of the year; and 
since the relative p r e ~ u r e  determines the direction and force of the 
prevniling winds, and these in  turn the temperature, moisture, rainfall, 
and in a very great degree the surface currenta of the ocean, it is evi- 
dent that there is here a princi le applicable not merely to the reaent 
state of the earth, but also to Jfferent distributione of land anzwater 
in past times. 

In the resent paper an attempt is made to show the 
effect of t i e difference in temDerature between land and ”- I L 
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water in modifying the distribution of at.mos heric 
sure and winds: and on the basis of t.liese resuis, wiLlfi;yi 
aid of Ekman's theory (3) of oceanic c.irculatiou, to 
account for the low-surface t.eniperat.ure along the west 
coasts of continents, special reference being made to t.he 
coast of California. 

The contents of this paper fall uiicler the following ninti 
heads: 

I. Preliminary explanation of atniosplieric cii-culatioit 
on anon-rot>ating globe, and of the deflecting €orce due t , c I  

the earth's rotation. 
11. Ferrel's theory of atniospheric circulation oii  il 

smooth rotating spheroid. 
111. Review of theories that have been proposed t.o 

account for the origin of the owan hiqhs ior are:is of high 
air ressure on t.he ocean). 

I!. A modified theory of die oiigiii of tlic? O C V A I ~  liiglis. 
V. Discussion of blie causes of oceaii t eiiipera t.urea 

either greater or less t,htui the :tvera.ge for the lati! udc. 

FIG. I.-Condition of atmosphere under elenieiitary hypothetical conditions. 

VI. Ekinaii's theory of oceanic circulat,ioii, nntl if5 
ap hation to uywc1!7iitg. 

{II. The rclntion of wind.; i):irallcl to ti coast, tlic foriii 
of the bottom, u.piueZlin!/, and surface teliiprraturew off t lw 
coast of C!djforiiin. 

VIII. RBsuni6 and final appliciiticm of the preceding 
results . 

IX. sunlnlaly. 
- 

T.--PRELIMINARY ESPLANATION OF ATMOSPHEliIC CIRCU 
LATION ON A NON-ROTATING GLOBE, AND OF T H E  DE- 
FLECTING FORCE DUE TO THE EARTH'S ROTATIOX. 

toward the equator. Thus there would be a steady 
circul:it,ion nictmtained by the action of the presswe 
grndimt (25), apinst  the frictional resistance, in which 
the Iioiizonttd n.rezk of upward convection would be 
npprosimately equal to t h t  of the downward movement. 
A11ic.r hnlf of t,lie enrtli's area lies between the cirdes of 
latitude 30° nort,h &lid 30° south, t-lierefore these circles 
would divide t.he titnios here into an equatorial re ion 
of uvceiicling current.s 
currents. (See fig. 1.) 

Ferrel (6 ) appreciatccl t.he irnportmice in problenis of 
at mosphcric chculat.ion of t'he tendency of bodies in 
niot.ion to curve to the right in the northern hemisphere 
mtl to the left, in the southern hemisphere. This ten- 
dency is n consequence of the df$ect.ing forw d,ii.e to the 
c w t A  'x rotation (6) : because of its frequent application 
t.o t.he probleins in this paperq a.11 esplanatrion of the prin- 
ciple is given now. 

two polnr regions of descen 8 ing 

FIG. 2.-Gmritatiun and the ideal sphere. 

Suppose the eiirtli to  be H. plastic mass, homogeneous 
with rcfcrtmce to its center, mid subject to the mutual 
pavitation of its parts. On the assumption of no rota- 
tion oiir plmet would take a true sphrrical form, and the 
attractive force of grarity would act alung lines through 
the center, mid therefore pcrpendicular t.0 any spherical 
surface liaring the same center. Thidcr certain condi- 
tions the pressure would iiicrense alon a radius from 

tive forcvs. Tlie spliertb would then he called the figure 
of equilibrium of tlie earth, mcl its s lhericd boundary 

woulcl lie perpeiiclicular to the surface at each point (26). 
Now sul,posc' the earth to rotate about its asis NS 

(fig. 3 ) .  Then at each point of the ninss mi additional 
force would he rrquired to iiiitintain the spherical form. 
Tlint is, in order to lieel) any particle B moving in a cir- 
cular imth of radius BC it wo111~1 have to he continuallv 

the surface to tlie center, in order to ba f ance the attrac- 

~ 6 u l t l  be r d e d  n 7 e i - d  surj'uce. since t 1 ie force of gravity 

Assume the earth to he n siiiootli lion-rotating spliive, 
having a homogeneous surfnce [and that :in] esccsh of 
tt!inpera.ture [is niaiiitained] at tlic equntor w-ould cs]~:ind 
the air. thus causinn the unner imrt to overflow i,ow:ird 
the pol& This r8ii~ovnl of't'he ipper air from the equa- 
torial to the polar regions wouli~ clecrcnse tlie prcssure 
at the equator and iiicrease it at, t,he poles, tlius giving 
rise to a return current of the lower am along meridians 

pulled t,oward C, the center of the path; Imt if, n t  an? 
time, both gravity and centrifugal force should cease to 
act upon the particle, it  would continue to move with 
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a constant velocity along a straight line tangent to the 
circular path at that point. 

In the case of the ravitating plastic globe, the only 

paths is gravit . Suppose this centripetal force F is sub- 

or apparent attractive force G’: then we must replace G 
by G‘ throFlghout. 

Byt G’ would not be perpendicular to the original 
s herical surface, which would therefore not be level. 
€fence, the mass being plastic, the apparent or effective 
forces would so mold the sphere that its surface would bv 
everywhere perpendicular to them, and the oblate 
s heroid shown by the dotted line X’BE’S’ would result 
(Eg. 4). The modifhition of the original spherical form 
would increase in proportion to the velocit of rotation 
and the plasticity of the mass, thus to e a d  velocity of 
rotation would correspond a different figure of equi- 
librium. 

available force for ho i: ding the particles in their circular 

tracted from t I e force of gravity G leaving the effective, 

(See fig. 4.) 

N 

s 
FIQ. ).-The earth, a rotating spheroid. 

Neglecting comparative1 slight irre ularities of its 

very ciosely to the @e of equilibrium which woul! 
result from its present angular velocity: for inany 
theoretical purposes it may be regarded as a true spheroid 
having a homo eneous surface. A )article at  rest on 

But if the particle was forced to s ’de along the surface, 
for example to the east, an additional force per endic- 

this circular path since its actual velocity in space would 
be greater-than &at of the earth’s surface for that circle 
of latitude. If this force was subtracted from the appar- 
ent force of gravity G‘, the resulting force would have a 
component tangent to the earthJs surface and directed 
toward the equator as can be seen by reasoning as before. 
While if the articie was moved to the west it would be 

surface the earth is an o g late spheroifi. correspondin 

such a rotating i? ody would be in e uihbrium. 

ular to the axis BS (fig. 4) would be required to ho f d it m 

a 

forced towar B the pole. 

From another principle of mechanics, the commation 
of areas, the effect of the earth’s rotation on motion along 
a meridian can be determined. According to this prin- 
ciple, a line from a moving particle perpendicular to the 
earth’s &xis will describe equal areas in equal times as it 
rotates, unless a force not passing t h o u  h the axis is 

ward velocity of the rotating particle B ( . 3) by its 
distance BC from the eart-h’s ask  must 9 e constant 
[unless] tl. force acts on the particle in an east or west 
direction. Hence, when a particle on the earth’s surface 
is forced toward the nearest pole B or S, the velocity to 
the east must increase, while if forced in the opposite 
direction the eastward velocity must decrease, smce in 
the first case the distance from the particle to the axis 
is decreasing, while in the latter case it is increasing. 

The above results may evidently be reduced to the 
following rule: Whenever a bod moves along the earth’s 

right of the motion in the northern hemis here, as shown 

Analytical mechanics shows that the magnitude of this 
deflecting force (2 w u sin 0)  is proportional to the velocity 

applied. In other words the product of t E e actual east- 

surface it becomes acted upon t y a force directed to the 

by figure 5,  but to the left in the southern R emisphere. 

\ 
-- I / 

I 
i 
I 
I 
I 
I 1 

F I ~ .  S.--COnstnrtned 
motion on the sur- 
me of the rotating 
spheroid. 

5 

FIG. 4.-Gravitstion and centrifugal lorca 

of the body, and increases with the latitude, from zero 
t%t the equator to a masimum at the poles. 

II . -FERBEL’B THEORY OF ATMOSPHERIC CIRCULATION ON 
A SMOOTH ROTATINQ SPHEROID (27). 

The general scheme of atxiiospheric circulation obtained 
by averagin the observed wind velocity for each of a 

distribution of pressure (28) obtainelin the same way 
is represented by figure 7. The latter diagram represenb 
a vertical section of the atmosphere by a plane throu h 
a meridian, which, for convenience, is represented by t % e 
straight line B E S. Each curve shows the relation of 
the ressure to the latitude at the elevation indicated 

Now, by means of the two great facts on which this 
motion depends namely, the relativelv high equatorial 
temperature and the deflecting force due to the earth’s 
rotation, we can ex lain the main features of atmos- 
pheric circulation an i pressure distribution. The upper 
air over the equator tends to overflow along the merid~an 

series of par 5 lels of latitude is shown b figure 6, while the 

on t K e right. 
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toward the poles, owing to the expansion clue to the 
heated surface below, but, in t,he nort,liern hcniisphere 
the overflow i3 deflected to the light, ant1 were t,here no 
friction, would move to t,he east in a clirect,ion per en- 
dicular to the meridional bit: oniet.ric gradient,, whch 
woulcl then balance the cleflecting force. But. since t.hc 
air is a viscous fluid this mot,ion to the east, if startsd, 
could not oontinue owing to t,he frictional resist,ance, 
which would decrease t,he vtdocit,y ancl t.herefoi-e t,he de- 
flecting force. The air would then be foxed to the north 
because of the unchanged pressure radient. There- 

north of east with such a velocity t,liats the defldcting force 
and tlie resistance are in equilibrium with t.he gradient. 

Thus the up er. air moves spirdy from the equator 
tmoward two po r es with a relatively lni-ge etistward coni- 
ponent, owing to the coniparat,ively snitdl aniount of fie- 
tion in the upper 1ayet.s. Also as t,he clist,tince of the air 

fore, because of friction. thc air act,ua f ly nioves to the 

Lower ~ ; r - - -  

from the eart,h's axis decreases owing t.0 the polewaid 
motion, tlie easbwarcl velocity must increase. 

Most of the air leaving the equator must ret.urn in an 
undercurrent a t  various interniediat,e lat8itudes. 0d~- a 
small share can c.oniplete t.he ent.irc circuit. Alw, we 
would especb the horizontal mea of t,he region of up- 
ward conrectioii to he spprosimatelly ec ual t>o t,Iint, of 

extend front the equator to about. latitude 30" noitli ant1 
south, khile tmhe reninining area, froni each parallel of 3 0 "  
to the poles would be a re ion of descending cucrent.s. 

The strong equatoiwarf tlaflecting force clue to tali(? 
high- eastward velocity, s e r v ~ s  to carry tlie s i r  of int,e:'- 
mediate elevations from the polar regions .boward thc 
equator, aoainst, the comlmrat,irely weak gradients of t.1in.t 
region. Ais int,erpecliate current. continues it,s castwarc\ 
motion until it passes the latitucle of 30°, from which 
it moves obli uely backward (to the weat) and reaches 

FIG. 6.-Ferrel's scheme of atmospheric circulation. 

the downward nioveinent J thus the upwarc 1 niot,ion would 

the earth's sur P ace. beconiing the northeast, triide wind. 
33161-14-2 

A s  the eart.li's surface is approaahed, the eastward ve- 
locity of the air, between latitudes 30" north and the north 
pole, snd between 30" south latitude and the south pole, 
tlecrcases because of friction to such an estent that the 
tl(!fiwting force is overcome by t,he poleward gradient and 
tlie lower air niov-es spirally eastward and toward t.he 
poles, becoming the pre\-ailing west,erlies. 

The opposing t,hrusts of these winds on opposite sides 
of each circle of lat,itude 30" causes tlie high pressure 
zone along those circles, because of the deflecting force. 

The low pressure at tlie polar regions results from the 
g~neral enstwnrd motion of the air a t  all latitudes and 
elevations outside of tlie zone from 30" north and 30° 
south. The ccluatorwurtl cleflecking force due to this east- 
ward whirl reduces t,he amount, of air in the polar regions 
and h e q ~ s  it up t.owarcl the high-pressure zones. 

Thus, tbis mechanical effect, reve:ses the g--adient that 
otherwi-lge would result from the relatively low polar tem- 
perti t.ures. 

Itr is iniport,ant to bear in mind that in the above rea- 
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FIG. i.-Ferrel's srhenie of the distribution of pressure with elevation and latitude. 

soning, which is a brief qualitative reproduction of the 
moat in1 >orta.nt part of t,litB elrtboratc iiirestigation mFde 

sphcw)itl. 

III.--REVIEW OF THEORIES THAT HAVE BEEN PROPOSED 

A tlotailetl eseniination of tlie pressure distribution 
along parallels of latitude shows a systematic variation 
in ~~ressurc : nit?teorological charts representing yearly 
ctveragcs show five oceanic high-pressure areas. One IS 
in t . 1 ~  Indian Ocean, about 1ia.lf way between southern 
Africa and Australia: t;wo are off the west coasts of North 
Anicrica and northwost Africa, a t  latitude 35" north; 
tlic other two a.rc off the west coasts of South America 
nntl southern Africa., a t  latitude 32" south. 

Humphreys (10) says: " Thero is, necessarily, a close 
rclation between the locat,ion and intensities of these 
OCOLIII highs and t!w weather of t!ie adj acont. continenta, 

1))- Ferre \ , t,he eart.11 was nssumed t.0 hc a smooth rotating 

TO ACCOUNT FOR THE ORIGIN OF THE OCEAN HIGHS. 
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and therefore they deserve careful study, But while 
they themselves and their results are more or less (lis- 
cussed in works on meteorology, it appears that, in spite 
of their im ortance, but few attempts have been made 

Accordin to Ferrel (7), a portion of the west to enst 

Equator by contmentd barriers, and thereby forced to 
'om at each of these places the counter winds within the 
hopics, roducing the anticyclonic whirl on the aclj acent 
ocean. &e attributes the bigli pressure a t  the center of 
each whirl to the effect of the deflecting force due to the 
earth's rotation, and disregards the effect- of tempera- 
ture differences. 

But, as Humphreys (10) says, the barometric high in 
the South Atlantic can not be accounted for on the bar- 
rier hypothesis, as the west to east winds of the southern 
hemisphere ass to the south of Africa in January and 
February. &pin, if thermal c,auses are not a fac.t,or in 

roducin the hi rh pressure, it  must follow that the sur- 
face win % i  s woul have an inward and the upper winds 
an outward velocity, which is contrary to tlie observed 
facts. 

Angot (11) Bttributes the highs to the fact, that on 
every parallel between the latitudes of 45' north and 
south, the average surface temperature of thc continents 
is higher than that of the oceans. The pressure w i t h  
the belts of highs where the at,mospheric pressnm is 
greater than that on either side is lowered over the con- 
tinents and raised over tlie oceans, thus esplsining why 
these belts have pressure m&sinia with closed isobars on 
the oceans. 

But as Humplweys (10) says, this theory would appear 
to call for anticyclonic centers not far from mid-ocoan, 
though rather nearer the largest continent. We would 
also expect those of the northern hemisphere to be more 
ronounced than the corrosponding highs of the southern 

gemishere, because of tlie greater differences in tem- 
erature due to the extensive land areas of the former. 

Eut observations show tho highs to he of equal int.ensity 
in both hemispheres, and to be locatcd near the westorii 
coasts where, for sonie distance inland the conbinends 

'are not so warm as they are on the eastern side, which is 
contrary to the requirements of his theory. 

Humphreys (10) calls attention to the fact that tlie 
oceanic highs are located in the high-prossure belB near 
the west coasts of continents, the ceiit,ers of the highs 
being separated from the coasts by cold ocean currenbs. 
He holds that- 

The cold surface water, because of the limited amount of heat it  up- 
plies, whether by radiation or conduct.ion. allows the air above it to 
cool to a corres ondin ly low temperature. and for any given preFure 
to contract anc?gmw tenser. This derrems the pressure at cmslder- 
able elevations above the cold surface and allows the sir to pour in 
from all sides, which in turn MI raises the pressure at the surf.we of the 
ocean that there is a tendency for the air to flow out in all directions 
at the lower levels. 

Hence, where this cold current crosses a belt. of high pressure at 
about 35" north or 33" south. there are two coo erating causes of high 
presaure: (a)  The op osing thrusts of eastwarJanc1 westward winds, 
aa ex lained in FemT's theory of atniospheric circulation (6). causing 
a hi&- ressure zone and a calm belt parallel to the Equator; (a) a 
sheet ofcold water crossing this high- ressure zone from the 
the equatorial aide, which b virtue ofthe cooling, increases tK':?:i$ 
at the place of crossing. any thereby produces a highest center with 
closed isobars and gentle anticyclonic winds. 

He explains \the location of the cent,ers of t.he highs, 
which are west of the point of minimum ten1 eratiire of 

direction of the winds over the coldest areas. 

to explain t Y l  eir origin." 

winds of t i e  P higher latitudes is deflected toward the 

the ocean, and therefore of the air also, by t Y ie changed 

Becam these winds have but little ewt or west motion, they fail to 
give mechanical support to the ridge of higha, which, therefore, in 
part gives way at this place. 

IV.-A MODIFIED THEORY OF THE ORIQIN OF THE OCEAN 
HIGHS. 

Owing to certain objections to Humphreys' theory, I 
have developed a modified form of that proposed by 
Angot (11) m which tlie difference in temperature be- 
tween continental and oceanic areas is regarded as the 
controlling factor. First let us review briefly the con- 
trast between the land and the ocean upon which this 
difference in temperature depends (12). 

The ocean reflects more solar radiation than the land, 
and is comparat,ively transparent, while the land is 
opaque, therefore the energy not reflected from the sur- 
face of tho ocean is absorbed tlwoughout a considerable 
depth, each layer receiving but a small fraction of the 
total, while a comparatively thin upper layer of land 
absorbs most of its incident radiation. Moreover, the 
land is not volatile, and therefore &y soil does not cause 
a disappearance of much energy as heat of volatilization, 
but grbat yuantitios of ocean water, by evaporating, re- 
move a large proportion of the radiant energy received 
by it. 

There are several other factors that combine with 
thoso nientioned to reduce both the annual and the di- 
urnal temperature variations of water areas much below 
that of land areas. For esample (14), the range of the 
annual surface temperature (29) is less than 6' over the 
oceans in the Torrid Zone, and less than 1l0 over the 
oceans in the greater part of each Temperate Zone, while 
in the surface air over the corresponding land areas the 
ranges are two or three times greater. 
Now on the basis of Fei-rel's theory (6) niid the conse- 

quences of these cliff erences between the physical proper- 
tics of land a i d  miter, !et us [investigate] the origin of 
the high 011 the California coast. In winter t,he tempera- 
ture of tlie continent is less than that of the ocean, whereas 
in a.11 sotisons (13) the average wind velocity over the 
land is about om-lialf of that over t.he ocean. Thus 
blie nieclinnical effcvt of the east and  west coiiiponents 
of the winds in producing high-pressure belt is greatest 
over the o(*eaii, while tlie d1fferenc.e in temperature tends 
to increase the pressure on the land and reduce i t  on t.he 

These facts account for the a proximately uniform 

winter (1). But in summer, when the continents are 
wmiier t1ia.n the ocetiii, there must be an overflow. of 
the upper ztir from the former to the latter, thus-causing 
a clecrense of pressure over 6he 1an:I and an mcrease 
over tlie ocet~n. Since as  [in the] wmtm the relatively 
,aren.t,er wind veloc.it,-jy in mi eas tm n.nd west direction over 
tho ocean operiites i n  the same pay, we would expect 
high pressure over t.he ocean having closed isobars. 

Now if t,he tmnperature difference were the only 
fackor considered w-e would e s  ect, ns Humphreys (10) 

continent.s. But, owing to the revaihg eastward 

tlo~-nwarri current to lime a general eastward motion as 
\wll .  Thus there would be a tendency to form tin anti- 
cyclonic whirl having a mnsimum pressure a t  its renter, 
but displaced eastward toward the west coast of North 
Anierica, as the charts of pressure distribution show. 

ocea21. 

dist,ribution of pressure along t I! ie parallel of 35' in 

said, to find the center of this Y iigh midwav between the 

drift, of the u per air (81, from w P iich t>lie descending 
current over t 1 e high is supplied, we would expect this 
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Ocean. 
I2 

O C .  

18.3 
15.0 
17.2 
16.1 
16.1 
10.7 
18.3 
17.2 
14.4 

The mean [wind] velocity perpendicular to a given 
meridian is a maximum lor a meridian through the center 
of the high and decreases as the meridian is displaced 
either to the east or to the west. This is partly because 
the winds of the anticyclonic whirl blow to the east, 
north of tlie center a.nd to the west, south of the center, 
so in each case they tend to increase t,he average east' 
or west components of t,he general atniospheric ci.rcula- 
tion. Another reason is t,ha.t the average veloclt of 

half of its original value. There may be, as -Ferrel (7) 
suggested, a deflection of the west wind along the const 
of North America, u-hich wFould cause an additional 
reduc.tion of the east and west components, as the const 
of California is approached. Therefore we would expec t 
the transition from the east and west components over 
the ocean to t,heir coni ara.tive1-j low values on la.iic1, to 

the California coast only one-third as far away. These 
conclusions are c,on&med by tlie charts made by 

the oceanic wind decreases toward the land to a i out 

be more gradual towar ti the coast of hsia t h m  toward 

Land. 
PI 

Inches. 
30.19 
30.14 
3O.W 
29.95 
3.87 
29.80 
29.75 
29.w 
a9.95 

-- 

Buchan (1). 
The cold water bordering the California coast would 

tl-12 

-. 

o r .  

- - 5 . 6  3.0 
- 0.2 

+ 6.4 
+11.2 

+io.s 

+ 4.2 
- 4.3  

. . 

+ 4.2 

+11.- 

+ 13.6 

- 4.2 

.tend to cool the superincudmit air a.iid t.hus increase 
the pressure gradient near the coast. where t,he differ- 
ence in temperature between the surface water of t,he 
ocean and the surface of the land is com1)nratively great.. 
This conclusion is also verified by the same charts, silt1 
by observations made since they were prepared. 
, Owing to the est,ensive are- contrihut,ing. to this 
convective circulation, we would expect ni l  ininiense 
volume of air to descend to the ocean and form an antd- 

a corresponding area. This conclusion is 
by observations, judging from the niagni- 
areas iiiclosecl by the closed isoba.rs, 

p 3 - n  have been observed. Moreover, there is no general agree- 
~ ment as to whic,h type, in some regions, is of the most 

Inehcs. importance or as t.0 the cituso of either. 
-0.04 A rcview of the litmeratwe shows that most authorities 

1:; agree in acceptina winds blowing offshore as a sufficient 
:$ esplanation of cofd water along the west coasts of con- 

+ tinents. Figure S shows how offshore winds may, by 
+ 311 mechanically removing surface water, cause an upwelling 

1 %  from the bott>om, and thus lower the surface temperature. 
+ .IN Some authorities believe the cold inshoye water to be the 
. . -  combined result of the above cause and of polar surfaee 

+ .5? 

+ .Ki 

. Buchan (I). 
' We should also espect, tlie center t.o be dist)laccd 

Jsnusry .........._.___. 
February ......._.______ 
A r i l  .......___._._..___ 
June.... -. -. . . . . . . . . . . . . 
Juls ........__._._.__.._ 
Auiwt . .  . . . . . . . . . . . . . . . 

tember.. . . . . . . . . . . . . 
November.. . . . . . . . . . . . . 
Dacamber .._._._.___.._ 

y[srch ........____.__.._ 
& .................... 

% o b e r  ......_...._.__. 

farther from the coast ns t,he vdume of descendhig air 
increases, because of the la.rger tire11 required n t  the 
bottom of this air coluinn wlich niust ter1iiinat.e at  the 
surface of the ocean. This coiiclusion is verified by the 
fact that in summer t.he center is YO0 miles farther 
from the coast than in winter. (See Buchan Chart I . )  

From the same charts, the latitude of bhe center of 
the Xortli Pacific high, and  the corresponding pressure 
and temperature were found, nntl compared w t h  the 

. mean pressure and temperature over a narrow belt of the 
same latitude in Asia and North America, for each month. 
The result shown by Table 1 indicates, a.s required by 
the above theory, that, the pressure difference increases 
and decreases with the t,empera ture difference. 

TABLE 1.-The relations betiiven. fmrprf lhtre  nnd pressiirp. 

r. 
12.7 
Y . 0  
17.0 
20.3 
22.5 
28.0 
29.50 

21.1 
1 I. 4 
S.6 

iE: t: 

~- Month. I Land. 
tr 

- .- 
Ocean. 
lk 

Inchcs. 
30.15 
30.20 
30.25 
30.30 
30.30 
30.30 
30.30 
30.30 
30.30 
30.15 
30.20 
30.20 

The relation between ( - p l )  and ( f ,  - tJ of the above 
table can be approximate f y espressed by the equation, 

( p z - p , )  = O .  155 inch-0.031(t1-tJ, 
w-hich shows that even when the difference in tempera- 
t u z  is zero centi rade, the pressure exceeds that over the 
land bg 0.1.5.5 inc % . This escess, which amounts to about 
one-third of the niasinium difference in pressure, may be 
acc.ounted for by the facts that the wind velocity over 
t,he ocean sul-faco is about twice as great as over the land 
surface in all seasons, and' that the oceanic west wind is 
turned aside from its eastward course by t.he California 
const, which act,s as a barrier. 

V.--I)ISCUSSION OF THE CAUSES OF OCEAN TEMPERATURES 
BEING EITHER GREATER OR LESS THAN THE AVERAQE 
FOR THE LATITUDE. 

Let us now esamine briefly the circulation and tem- 
perature of the oceans, mainly for the purpose of accountr 
ing for the resenc.e of the cold-water regions mentioned 
before. VI' P ierever the temperature of the ocean water 
differs notably from t,he average of that latitude and 
dt?pt.h, local disturbina factors must, be present. 

An abnormally higg ocean teniperature might be the 
result of a flow froni a warmer region: or, again, the con- 

. Wind 

FIG. 5. -0ff-shom wilds and upwelling cold water. On-shore winds and warmer 
water. 

centratmion of the heat due to solar radiation, in a rela- 
bively thin layer of water might cause an abnormally 
high local temperature. Rut for depths exceeding about 
100 meters the: latter effect is illsignificant, since nearly 
all of the solar rays arc absorbed by that depth of water 

An abnormally low temperature might be due to melb 
ing ice brought clown from the polar re ons, or to a 

admitted t,hat cold currents may either flow horizontally 
froni a colder region along the surface or along any other 
lcvel, or [that] they may rise from lower levels where the 

i15). 

current of water from a colder region. P t is gonerally 
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currents, while others regard the latter as the only cause 
(2, 16, 17, 18, 19). 

g u t  the hypothesis of offshore winds requires an esten- 
sion of the trade-wind belt greatly beyond its observed 
limits, where calms or even on-shore winds prevail (20). 

While polar surface currents may in some instances 
contribute toward these cold belts, their resence in other 

temperaturw. For example, there are instances in which 
warm water estends for considerable distances in all 
directions from a cold inshore region. While there are 
other cases in which strips of alternately warm.and cold 
water lie in a direction perpendicular to the supposed 
polar current (21, 23). 

Each of the above esplanations of the cold water along 
the west coast of North America is open to one of these 
ob'ections (21, 23). in  order to avoid the above objections, Holway (21) 
assumed that in the northeastern part of the Pacific the 
drift to the east was true not only for the surface of the 
ocean but all the way to the bottom. Thus the cold dee 
water would be driven up the slo e of the bottom towar 

Blanco, Oreg. (latitude 43' 50'), omng to the neighbor- 
ing submarine valley. This upwellin would account for 
the cold surface water. However, f i s  hypothesis does 
not account for the alternately warm and cold water 
found at various places along the coast at  least as far 
south as latitude 2S0, nor does it explain the large seasonal 
vaiiation of the cooling effect (22, 23). 

Thorade (22) concluded (from observations on the sea- 
sonal change in the direction of the wind niid on the 
cban es of the surface temperatures off the C'alifornia 
coast$ that the inshore cold water must he due to t,he 
u welling of cold bottom water, caused by the component 
o P the mnd parallel to the coast. This, he said, is inex- 
plicable without the use of a modern theory of oceanic 
circulation, develo ed by V. W. Ekman (3). 

produce the low temperatures, it is likely that in any 
given case a correct esplanation c.an be worked out only 
by detailed observations of the main factors and by the 
application of physical principles. 

cases is inconsistent with the observe (P distribution of 

: 
the continental shelf, the effect E eing greatest near Cape 

From the comp f esity of the phenomena which may 

VI.-EKMAN'B THEORY OF OCEANIC CIRCULATION AND 
ITS APPLICATION TO UPWELLING. 

I shall now discuss briefly a part of the recent theory 
of oceanic circultttion devdoped by V. W. Eknian (3). 
Although a dntded esplanat.ion of this t,heory involves 
complex probleny in mechFnics and mat,heniat,ics. t.he 

. main features of it can be given qua.littitively in the fol- 
lowing elementary niuiincr : 
Su pose a wind is blown. horizontally over the surface 

action of three forcgs (W) ; that of the wind actzing in a 
direction toward which the wind blows (D) ; t.liat of t.he 
deflecting force due to the earth's rot.nt.ion (.sei! p. 16) ; 
and (a) [that due to] the friction of the wat,er underrieath 
which opposes the motion. Hence the resultant. surface 
velocity of the water (V) will be directed t.0 t.he light of 
the wind in order t.hat. the three forces (Fig. 9) ma.y be in 
equilibrium. This surface laver of wat,er will act upon 
the one undernwth, just as the wind ac.ts upon the sur- 
face layer, and so on downward. The mathematical 
theory .shows that if we neg1ec.t differences in density, 
and dw the influences of neighboring ocean currents and 
continents, the motion will correspond t.o the following 

of a E ody of water, then t E e water will move under the 

dingram (Fig. to). The following description may help 
in visualizing this motion. Imagine a spiral stairway so 
situated that the edge of the top step IS directed at  an 
an le of -15' to the right, of the wind velocity, thus coin- 

10. Now if, as we 
Of descend, blie successive steps are s ortened so as to have 

c.i c f  ing with the arrow Ty0 

FIB. 9.-Three forces that determine the velocity of the surface water. 

in succession, the lengths of the arrows in the diagram, 
the [length] of [etich] will represent in niagnitude and 
direction blie ve1ocit.y of t,he water at  that, depth. And by 
the time a half turn had been ninde the ed e of the step, 
that is, the velocity of the water would t'; e only 4 per 
cent of its value at  the top, and from there downward 

f 

Fro. 10.-The direction and velocity of the water at inrreaaing depths. 

we would find the velocity to be still smaller. So, for 
practical Iurposes, we can neglect the motion below that 
point. d i i s  depth increases with the wind velocity, 
but decreases m t h  the latitude. For example, at  lati- 
tude 35O, if the wind velocity is 10 miles per hour, the 
clopth (30) would be about 45 niet'ers. 
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c. 
12.50 
11.60 
11.50 
11.30 
11.30 
13.80 
13.50 
13.W 

14.60 
13.W 
13.40 

13.80 

Suppose the wind has it coniponeiit, parallel 1.0 the coast 
line, and the water lies to the right, when looking in t,he 
direction of that coiiiponent~. A4ccnrtling t n  t,ho I)rt?vious 
theory, surface water will he ca.iTied t o  the  right of and 
alon the coast., thus causiiig a deprc?ssion of t.he water 
leve B there. The corresponding retluc tion in prcsaure 
below the surface would cn.use a flow of botdom water 
toward the coast and upward to the surface. Thus t.he 
SU,.&CB water that flows tiway from the coast woiild be 
&& ' hually replaced by water upwelling from the hot,t.om 
(Fig. 11). Also. owing to the pressure gradient direct.cd 
toward the coast, there would bc. a flow ptrallel to t:he 
coast at  a l l  depths. 

In the above discussion it was assumed that Dhe dept.h 
of the water [exceeded] about twice the depth of the wind 
current (31) and that the coa.st. was vertical. As the 
depth decreases from that value t,he effect of t.hc wind 
becomes less modified by the tleflectin force. and the 

to which Ekman's more eneral t.heo;.y reduces when the 
.water is sufficiently s h d  k ow. If the coast. was but. litdc! 
inclined from the bot,toni. the breadth of t,lie upwelling 
region would be much greater and the ve:tical wlocity 
would be proportionately reduced. 

$ . .  

motion takes place according to conimoii 5 y acccpt,ed laws, 

-- 
e C. 
0.30 
1.W 

-0.m 
-0.m 

0.W 
-1.70 

0.P 
0.25 

D -0.30 
0.50 
0.40 

-0.p 

Bottom o f  Ocean. 

January. .......................... 
Fehrunry ......................... 
Malrh.. ........................... 
.\ ril .............................. 
June.. ............................ 
July.. ............................. 
August.. .......................... 
Septemher.. ...................... 

d, .............................. 

F'm. ll.-UpweUing of ocean water. 

VII.-TI-IE RELATION OF WINDS PARALLEL TO TIIE 
COAST, T H E  FORM OF T H E  BOTTOM, UPWELLING! AND 
SUFACE TEMPERATURES OFF C!ALIFORNIA. 

In a former paper (23) I obtained, with bhe aid of 
Ekman's theory, a mathematical relation between the 
wind velocity, the surface temperature of t,lw inshorc 
water, and the normal for a given lat8itude. 

The following bible showing tho dat,a usod and the 
results obtained, for a belt of water estending west from 

. San Francisco, indicates the agreement between the 
theoretical and observed temperatures. The forniula 
derived for this region is 

T= (1 -0.0~OT7w)f2+0.080Vwfl. 
in which- 

Tis the surface temperature of t.he inshore wat,er, f 3  is 
the normal surface temperature for the latitude, f ,  equnk 
So, the mean temperature of the upwelling water (centi- 
grade), and 172 is the component of the average wind 
velocity in miles per hour parde l  to the const line over 
an area whose center is about 400 kilometers from the 

coast. . All of the variable quantities correspond to the 
same month. 

Month. I Tc. 

--I--. 
Afia./br. 

7. i o  
6.8i  
9.25 
11.40 
12.50 
14.40 
17.50 
IS. 60 
17.60 
13.60 
x. Lw 
6. I35 

tr. 

c: 
14.20 
13. .SO 
12.60 
13.00 
14.50 

20. ml 
19. XI 
I!?. 90 
18.10 
16.60 
15.20 

15. m 

C. 
12. so 
lL'60 
11.30 
10.8 
12.10 
12.10 
13.70 
13.25 
13.8 
14.30 
14.30 
13.8) 

Since the upwelling is more concentrated, the more 
rapidly the de >t.h increases with the distance from the 

perat.ula to be correspon~lingly greater. Also, we would 
(:xpect. the temperature to increase along a horizontal 
line running out. from the coast. Both of these con- 
clusions agree' with the results of observations off the 
California coast (23). 

V I I I . - R k s u b f 6  AND FINAL APPLICATIONS OF THE PRE- 

The results of the preceding investigation intty be oon- 
densed into the followiiiq eight propositions : 

1. The west winds (32) north of latitude [ 3 5 O  north] 
press southward, while the east winds, south of the same 
parallel, press to the north, because of the deflecting force 
due to the eart,h's rotation. 
3. The side thrusts of these winds give rise to a belt of 

high average air pressure between the east and west 
winds, at latitude 3 5 O ,  but the average wind velocit is 
about twice as great over the ocean as over the land; L o  
the west wind IS deflected partly to the north and partl; 
to the south, by the west coast of North America. 

3. Thus the mechanical effect of the winds in producing 
the high air >ressure is always greater over the ocean 

4. In  summer h r e  is nil overflow of the upper air from 
the warm land surface to the comparatively cool surface 
of the ocean, while in winter, when the land is colder, this 
circulation is much weaker, or may even be reversed. 

5. Therefore, in summer, the mechanical and thermal 
causes combine in producixig a high-pressure area over 
the Pacific Ocean, a.nd low pressures over the continents 
of Asia and North America; but in winter the mechanical 
rind t,heimal causes are opposed, thus giving rise to an 
approximately uniform pressure dong the circle of lat- 
itude 35". 

6. Because of the prevdling eastward drift of the upper 
air from which the descending current (over the Pacific 
Ocertn) is supplied, the centrr of the high-pressure area is 
displaced to the enst, but rcniains far enough from the 
west coast of North America to allow the descent of the 
immense volume of air to t*he ocean. The distance from 
the center to the coast varies from SO0 to 1,500 miles. 
7. Because of the spiral motion of the air outward from 

t.his center, and t,he southward rleflec.tion of a portion of 
t,he west. winds, there is a broad belt of northwest w$ds 
a.long the California const. The velocity of these wnds 
is greatest in summer and least in winter. 

S. These winds >rotlure an upwelling of the bottom 

coast, we woul a espect the reduction of the surface tem- 

CEDING RESULTS. 

than over the \ and. . 

water adjacent to t h e coast at a rate proportional to their 
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velocity parallel to the coast, thus cooling the surface and 
causing a general drift to the southwest! of this surfa.c*e 
water, whose temperature is lowest at the coast and 
increases from there with t-he distance from the coast. 

Let u s  now consider some of the objections to Huniph- 
reys' *theory of the origin of the ocean high off the Cali- 
fornia coast. The area of the California c.old-wat,er belt 
(23) appears to be too small to produce the lar e area of 

of the high is 1,500 miles west of the region of niininiuni 
high alr pressure shown by observation (1). 4l e centm 

18 

I. 7 

16 
15 

14 

3 I3 
h 

I 2. 3 4 5 ' 6 .  7 8 9 IO I I  I2 I 
Fie. 12.4001 summers at San Franciseo controlled bv adjacent ocean temperatures. . . . . . . ocean temperatures, -air tempeiatures. 

tem erature in summer, while the niasimuni width of the 
col 3 -water belt scarcely esceeds 1,200 niiles (1, 23). But 
the main objection is that the upwelling t.heory just 
ex lained shows t.hat the esi&enc.e of the sheet of cold 
ins ore water de ends u on the coast whids, which in 
turn are lar ely ue to t e Pacific high. Therefore the 

of the [North Pacific] h g h  is really one of it,s effects. 
An inspection of the chart.s (1) showiug t,he avera e 

belts niay be accounted for by a theory siniilar to the one 
'ust applied to t,he North Pacific ocean. And, j n d p g  
{rom the resu1t.s already obtained, the general prob eni 
of ocean highs and cold-water belts is a profitable field for 
further investi ation. 

On the Cal' d ornia coast,, t.he prevailing wind over the 
land blows from the west of north escept during a part of 
the winter. We would espect from t.liis fact that, between 
the ocean and the mountams, the cliniate, exce t possibly 
in winter, would be 1ar ely controlled by t €l at of the 

represented by figures 13 and 13 verify this conclusion, at 
least as far as temperature is concerned. Thus the well- 
known cool summers at the California coast are due 
largely to the cold inshore water, whose low teniperature 
ie indwectlv caused by the relatively hot continental areas 
of Asia and North America. 

t l K  % 
sheet of col B water which Huniphreys clainis is the cause 

monthly ressure, wind velocity, and teniperature of t k ie 
world in 8 icates that the other three highs and cold-water 

adjacent surface water o Ei the ocean. The observations 

1X. -~SUMYARY. 

1. The ruiiforni 1iigh-l)ressure belt along each of the 
circles of lat,itucle 33' north and 35' south, which would 
he foi-nied if the earth's stirface were homogeneous, is 
a.ctually broken up into several areas of relatively high 
tind low pressure. 

3. This break in t,he continuity of pressure is part,ly due 
to differences in the physical properties of laqd and water 
meas, which give rise to an nnec ual t.em Ierature distribu- 

[area] in suiiinier and the cooler one in winter. Also, the 
relativelj? high east and west components of t,he wind 
velocitp over t,he ocean, as conipared to those over the 
continents, tend to cause a cont,inual escess of pressure 
on the ocean over t.hat on the continent's. 

3. Barometric observat,ions over Asia, the North Pacific 
ocean, and Nort.11 America show that the above differeme 
hi wind velocity combines with the sea.sona1 teni erature 

as to produce an ap rosiniately uniforni high-pressure 

sumnier the cooperation of the mechanical and t,hermal 
calms gives rise to  a high with closed isobars over t.he 
ocean. 
4. The periodic variabion of the int.ensity of the North 

Pac.ific high gives rise to an esbensive periodic anticy- 

tion along para.llrls of latitude, t \ t  le land eing the warmer 

differences between t,he ocean and the land in suc K a way 

belt along the prelle F of latitude 3 2 O  in winter, while in 

2 2  
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Fir;. 13.--('001 summers at San Diego due to rold onehore winds. . . -. . . ocem tempem- 
tures. - air temperatures. 

clonic whirl off the Califoriiia coast, of which the prevail- 
ing winds blowjlig from the west of north, along the coast, 
are a art.. 

wut.er along the coast at a rate proportional to their 
velocity paraUel to t,he coast., and thus reduce the surface 
temperature of the inshore water sufficient,ly t'o produce 
t,he well-known cold-water belt off California. 

6. The cliniate of that part of California lying between 
. the coast and the monntahis is largely controlled by the 

surface temperature of t-he adjacent ocean, and conse- 
cuently agrees at! any place with the nornial marine 

the upwelling is so pronounced as to reduce the surface 

5.  i? hese winds produce an upwelling of cold bottom 

c. i iniate of t,hat latitude in winter. But in summer, when 
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temperature of the inshore water much below the nornial, 
a coast climate, peculiar in niany respeds,, is produced, 
the remarkably low xiinliner temperat.iire being t,he m i s t ,  
strikin peculiarity. 

(24) experienced in San Diego itre esplaiued ns tt neces- 
sary consequence of tlie operat.ion of physical laws in 
connection with the distribution of land nncl \ \der  tireas, 
hence the stability of t,he clhnat,e of Snn Diego is coni- 

arable with the ste.bility of t.he present. geological 
eatures and astronomical configurat.ioii. 

In conclusion, I wish to thank Dr. FV: E. Ritter and 
Mr. E. L. Michael for their snggest.ions relative ta) the 
presentation of the subject in a form c.oniprehensible t.o 
the general reader, and Mr. C‘. J. hiarrin, of the Scripps 
Tnsthtion, for his assistance in iiinking the tlrswings. 
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LORIN BLODGET’S ‘‘ CLIMATOLOGY OF THE UNITED 
STATES”: AN APPRECUTION. 

By ROBERT DE C. WABD. 
[UzteJ, Harvard Uniwrsity, Cambridge, Ham., Bept. a?, 1913.1 

So impossible is it to keep our heads abovo tjhe rising 
tide of the new meteorological literature that we are 
neglecting, to our loss, tlie rich stores which lie buried in 
tlic books of a gencration ago. The name of Lorin 
Bloclgr t is probably known to Americans chiefly through 
tlicir r i d i n g  of the sections on the United States in Dr. 
Ham’s Handbuch der KZ;matoZo.gie, where the ranking 
meteorologist of t+day makes appreciative reference to, 
and quotation from? t,lillc?. work of our pionecr American 
cliinlttdtq+t. Yct Blodgrt’s discussion was of funda- 
inental iniportance, and is, even now, worthy of tlie 
attention of all our studmts of climatology. 

During tlic short scmi-vacation of the past summer, 
spent among tht? N.w Hampsliirc hills, I have turned 

relaxation and for instruction. 
I a m  impressed by the labor involved in the preparation 
of this book: by the author’s broad and clear view of his 
subject; and by the practical application of tlie facts. 
My rereading of 61iis book lias given me new light on my 
path as a tt.acher. 

work for Amxican climatology, and may help to pre- 
serve for this alniost for$c,ttm autlioi of 50 years ago %e 
place to which lie is cnt,itled among Amxican meteorol- 
ogists. 

It was n o  easy task wliicli Lorin BlodgPt set for him- 
self.‘ It would have discouragd many men. But 
Lorin Bl.)clget did it. No one else 
has attemptincl, mucli less carried through, so ambitious 
an investigation. Gratefully, and gracefully, does our 
author acbno~~-lrdgc. his indehtrdness to Alesander von 
IIumboldt, wlios~ “ niodcls were his guide ” and whose 
“ tom of genwctlizatioii?’ i t  was Blodget’s “hi hest ambi- 
tion to attain.” Out of the confused mass o f scattering 
observatinns \vliicli had been accumulating from different 
sources at  tlw Smit.lisonian 1nstituti.m and the Office of 
the Surgeon Genrral, and .from “gentlemen at  distant 
1) lints clistributcd ovt‘i the country,” Blodget brought 

again to Bludgvt’s Climatology the United States for 
ore than ever before, 

And I hope that this notice ma turn attention oncc m:m to t,he importance of Blodget Y s 

And lic did i t  well. 

~ - -  - 

1 The full title of the book is as follows: “Climatology of the United States, and of 
the Tem rate Latitudes of the North American Continent: Embmcing a full com- 
parison o%ese,wit.h the Climatology of the Temperate Lntjtudes of Euror Bpd Ash, 
and esperially m He .rd to Agriculture, Sanitary Investlgstlona, and ngmeerlug 
with Isothermal and %in-Charts for each Sehwn, the extreme Months, and the Year: 
Inrluding a Siiminary of the Statistic! of Meteorological Obseryatlona In the United 
States. condensed from rerest wientffir and omrial Publications.” (Philndelphia, 
J. B. Lippincott & Fa.: Trlibner & Co., Lundon, 1Bi. XVI, 1171636 p. 4’.) 


